Abstract. Liver transplant provides a definitive therapeutic measure for patients with chronic and acute liver diseases. Apart from the improvement of overall health, an organ transplant entails several metabolic complications. They are multi-agent and depend, among others, on the function of organ being transplanted, adverse effects of immunosuppression being applied, organ complications induced by failure of the organ being transplanted, current treatment, concomitant diseases and consequences of the acute and chronic rejection processes. Improvements in surgical techniques, peritransplant intensive care, and immunosuppressive regimens have resulted in significant improvements in short-term survival. Focus has now shifted to address long-term outcomes of liver transplantation. Therefore, this paper presents the current review of literature referring to specificity of the prevalence of metabolic syndrome and its complications in patients after liver transplantation.
Introduction
Liver transplantation is a life-saving therapy for patients with end-stage liver disease, acute liver failure, and liver tumors. The liver is currently the second most commonly transplanted major organ after the kidneys. Improvements in surgical techniques, peritransplant intensive care, and immunosuppressive regimens have resulted in significant improvements in short-term survival. Focus has now shifted to address long-term outcomes of liver transplantation.
Cardiovascular events
The liver transplant technique advance allows to treat older and higher risk patients with orthotopic liver transplantation (OLT) with good outcomes. Unfortunately, excessive weight gain, hypertension, hyperlipidemia, and diabetes are frequently observed in transplanted patients. Metabolic syndrome and its individual components Central European Journal of Sport Sciences and Medicine Katarzyna Kotarska, Joanna Raszeja-Wyszomirska are increasingly being identified and contributing to cardiovascular complications, and late morbidity and mortality. Cardiovascular (CV) complications after OLT are the leading cause of non-graft-related deaths of recipients (Pruthi et al. 2001) . Recently published meta-analysis of observational studies by Madhwal et al. showed that the 10-year risk of developing CV complications among patients after OLT was 13.6%, with 64% greater risk of experiencing them than control group. Among OLT recipients, those with metabolic syndrome were approximately 4 time more likely to have a CV event, without any significant increase in all-causes mortality ). This 10-year risk of developing a cardiovascular event is consistent with a Framingham moderate-to high-risk category (Grundy et al. 1998) , with indication for therapeutic lifestyle changes, although there are no practice guidelines addressing these goals. The metabolic syndrome is also common after kidney transplantation (Faenza et al. 2007 ) with poor outcomes and reduced graft survival. Multivariate analysis of CV risk factors after OLT showed that independent predictors of CV events were older age at transplantation, male gender, posttransplant diabetes mellitus and arterial hypertension, as well as mycophenolate mofetil (MMF). However, it is important to notice that MMF was used in this study as an adjuvant medication, and this association was indirect, related to an underlying renal insufficiency, caused by calcineurin inhibitors (cyclosporine and tacrolimus, CNI). Concomitant renal dysfunction is well established risk factor of CV events (Balamuthusamy et al. 2008) . The cumulative risk of CV event at 5-year was 13,5%, and approximately 10% of patients might expect 1 or more CV events in Albeldawi et al.study. Patients with posttransplant hypertension and diabetes are twice as likely to experience CV event (Albeldawi et al. 2012 ).
Diabetes mellitus
Detection and management of posttransplant diabetes mellitus should be crucial parts of post-OLT care, because of its impact on graft function/outcome and cardiovascular disease morbidity and mortality. Diabetes is among the main risk factors for coronary heart disease, cerebrovascular disease, and peripheral occlusive arterial disease in transplant recipients. The mean reported incidence of posttransplant diabetes varying between 7% and 30%, and the predictors included a family history of diabetes, age >45 years, glucose intolerance prior to OLT, central obesity, metabolic syndrome, use of corticosteroid over a long period, use of tacrolimus, and hepatitis C (Pageaux et al. 2004) . The prevalence of diabetes, hypertension and hyperlipidemia increased steadily from the time of transplant to 7 years after OLT, and the estimated risk for all-cause mortality, and mortality secondary to CV events, infections with multiorgan failure and allograft failure increased for each additional year of diabetes mellitus in Parekh et al. study (Parekh et al. 2012) . The study of Hanouneh et al. showed that in the setting of recurrent hepatitis C after liver transplantation, diabetes mellitus and metabolic syndrome were associated with progression of graft fibrosis by univariable analysis, and metabolic syndrome with hyperinsulinemia was independently associated with progression of fibrosis beyond 1 year after OLT in multivariable analysis (Hanouneh et al. 2008) . The management of diabetes in liver transplant recipients is not substantially different from its management in nontransplant patients, except that steroid reduction or withdrawal and minimizing doses of calcineurin inhibitor are beneficial (Reuben 2001) .
Hyperlipidemia
After liver transplantation in adults, between 16% and 43% of recipients have increased plasma cholesterol levels and about 40% have hypertriglyceridemia. The cause of hyperlipidemia is multifactorial. Calcineurin inhibitors are associated with hypertension, hyperglycemia, and dyslipidemia, via increasing oxidative stress and lipid peroxidation.
Mammalian target of rapamycin ( mTOR) inhibitors (i.e. sirolimus and everolimus), a non-nephorotoxic drugs, can also contribute independently to dyslipidemia (Hakeam et al. 2008) . Hypercholesterolemia and hypertriglyceridemia secondary to sirolimus therapy are independent from concomitant tacrolimus use. Corticosteroids enhance appetite and food intake contributing to obesity, enhance hepatic secretion of very low-density lipoprotein and its conversion to low-density lipoprotein, and cause diabetes -all of which promote hyperlipidemia. Mycophenolate mofetil (MMF), as well as rarely used now azathioprine, are free from this side-effect.
Metabolic syndrome
The rate of metabolic syndrome in liver transplant recipients is more than twice that reported for the general population. 2/3 of grafted patients will develop metabolic syndrome in 5 years after liver transplantation, and 10-year risk of cardiovascular event in such a patients is 13.6% . Metabolic syndrome appeared to be associated with an increased risk of major vascular events in liver transplant population in Laryea et al. study, affecting 58% of analyzed patients (Laryea et al. 2007 ). Posttransplant metabolic syndrome (PTMS) was associated with cardiovascular morbidity but not mortality, and it might be predicted by pre-transplantation conditions, i.e. age, pretransplant nonalcoholic fatty liver disease, body mass index (BMI), diabetes mellitus and high triglycerides (Laish et al. 2011) . Pretransplant hepatitis C virus infection was also associated with PTMS, because of its relationship to diabetes or insulin resistance (Laish et al. 2011) . The rate of metabolic syndrome in liver transplant recipients was more than twice that reported for the general population in this study of Laish et al., however, cardiovascular mortality was lower than in the others papers (Laish et al. 2011 ). Johnston et al. found that the relative risk of death from cardiovascular disease was 2.56 in transplant recipients relative to an age-matched non-transplant population, and liver grafted patients had 64% higher risk of CV events than control group. Among all transplanted patients, these with PTMS had 4-fold higher risk of this complication (Johnston et al .2002) . As metabolic syndrome is associated with increased risk for major vascular complications, its definition after liver transplantation is based on The US National Cholesterol Education Program Adult Treatment Panel III (2001) . The diagnosis requires at least three of the following: -Central obesity: waist circumference ≥102 cm (male), ≥ 88 cm (female), -Dyslipidemia: (Hanouneh et al. 2008 ) transplant recipients might be affected with PTMS, and patients with metabolic syndrome had a significantly higher average age, BMI post-OLT, fasting glucose, highdensity lipoprotein levels, and serum triglycerides (Laryea et al. 2007 ). The novel study of Sprinzl et al. showed that de novo metabolic syndrome affected 32.9% of analyzed population within 2 years after OLT (Sprinzl et al. 2013) . The component of PTMS, i.e. hypertension, hyperlipidemia, high glucose, enlarged waist circumference and insulin resistance was seen in 53%, 51%, 37%, 32% and 41% of patients, respectively. The prevalence of metabolic syndrome after liver transplantation was found to be significantly higher than that estimated in the general population and PTMS appeared to be associated with an increased risk of major vascular events after OLT (Laryea et al. 2007 ). The rates of hypertension, dyslipidemia, and diabetes were also more common in pediatric liver transplant recipients than in general children population, and these conditions might lead to significant long-term morbidity (Rothbaum et al. 2012) . Metabolic syndrome was also an important risk factor for graft failure, especially secondary to hepatitis C recurrence, malignancy, infections and renal failure in liver transplant recipients (Charlton 2009 ). On the other hand, patients who developed chronic kidney disease after OLT, were a 4-fold increased risk of death (Tinti et al. 2012) , and hypertension, and dyslipidemia were associated with a faster rate of decline in renal function after OLT (Leithead et al. 2012) .
Strategies to reduce the development of PTMS after liver transplantation should include lifestyle modifications involving alterations in diet and increased physical activity. Mediterranean diet rich in omega-3 fatty acids, fruit, vegetables, and dietary fiber, is recommended. Additional measures that may be potentially beneficial include also the optimal control of blood glucose, and the use of tacrolimus instead of cyclosporine (Pagadala et al. 2009 ).
Weight
Disorders related to PTMS are frequent in patients after liver transplantation, and are related to both pre-OLT conditions and to weight gain. The pretransplant risk factors include a higher age at OLT, male gender, a history of smoking, the pretransplant BMI, pretransplant diabetes, the etiology of the underlying disease (hepatitis C, NAFLD/ cryptogenic cirrhosis, alcohol), as well as an increased donor BMI, and marital status (Pagadala et al. 2009 ). Weight control, due to its association with insulin resistance, seems to be mandatory after OLT to prevent risk factors of premature atherosclerosis (Bianchi et al. 2008 ). In the study of Wawrzynowicz-Syczewska et al. mean weight gain and BMI change were the highest within the first six months after OLTx and men gained more weight than women, especially in the first half-year after OLTx. The only clear predictive factor of overweight and obesity was the baseline weigh; dietary mistakes and lack of physical activity might play a major role in the weight increase after OLT (Wawrzynowicz-Syczewska et al. 2009 ). The impact of metabolic changes on PTMS development after liver transplantation is showed in Table 1 . 
Arterial hypertension
Arterial hypertension is one of the most frequent complications of solid organ transplantation; about 70-90% of transplanted patients have high blood pressure or require antihypertensive therapy. Hypertension was observed during the first weeks to months in 50% to 75% of the liver transplant recipients, and more than 50% of them developed hypertension by 1 year. Abnormal blood pressure is a potent non-immunological risk factor directly related to patient and graft survival. In liver and heart transplantation, hypertension is mainly due to impaired kidney function, profound by the use of CNI (Textor et al. 2000) . The number of patients with hypertension rises as well as the severity of the disease with time after OLT. Within 10 years of follow up, the percentage of all OLT recipients on a double or triple antihypertensive drug regimen almost double from 12% to 23% (Guckelberger 2009 ). Steroids medication should be minimized or completely withdrawn, and the conversion of a calcineurin-based regimen to mycophenolate or sirolimus-based immunosuppression may be considered (Mells and Neuberger 2009) . However, only MMF is a drug free of metabolic side effects, but monotherapy with MMF is not recommended due to increased risk of graft rejection.
Nonalcoholic fatty liver disease
Nonalcoholic fatty liver disease (NAFLD) is a common form of chronic liver disease, progressing to advanced fibrosis in about 30% of patients. According to the 2011 United Network for Organ Sharing registry database for liver transplant recipients, NAFLD is the fourth most common cause of OLT, due to rising prevalence of obesity and diabetes mellitus. NAFLD in the posttransplant setting may represent either recurrent or the novo disease (Lim et al. 2007; Seo et al. 2007) . De novo fatty liver occurs in ~20%, and de novo steatohepatitis in ~10%. However, studies providing detailed histological criteria, have found that the recurrent steatosis is often mild (<50%) and usually develops within a period of 6 months, whereas >50% steatosis is seen after 1 year after OLT. Steatohepatitis after OLT is almost always proceed by steatosis, however, progression is seen in minority of patients (Contos et al. 2001 ). The rate of steatosis and steatohepatitis were 20% and 32%, respectively, and fibrosis developed in 2 of 5 patients with posttransplant nonalcoholic steatohepatitis (NASH), and it was not seen in patients without posttransplant steatosis (Ong et al. 2001 ). Patil and Yerian in 2012 showed that NAFLD recurrence was common, advanced fibrosis was rare, and graft and patients survival rates were comparable to the other indication to OLT (Patil and Yerian 2012) . However, NAFLD patients are in increased risk for postoperative cardiovascular events, independently of traditional cardiac risk factors (Vanwagner et al. 2012) . Treatment should be directed at managing obesity and complication of metabolic syndrome, with steroid minimization in immunosuppression (Charlton 2009 ). However, it is important to notice that recurrent NAFLD and NASH can occur despite normal liver enzymes, and features of metabolic syndrome, as associated with disease recurrence, should point to such a possibility (Malik et al. 2009 ). The frequencies of PTMS components are summarized in Table 2 . 
Immunosuppressive therapy
Immunosuppressive agents may contribute to increased CV complications risk, e.g. cyclosporine is associated with new-onset hypertension and dyslipidemia, tacrolimus leads to posttransplant diabetes mellitus and, to a lesser extent, to hypertension and dyslipidemia, and sirolimus accelerates hypercholesterolemia and hypertriglyceridemia. Mycophenolate mofetil in general has a better safety profile with respect to metabolic risk, whereas corticosteroids induce hypertension, insulin resistance, hypercholesterolemia and weight gain (Miller 2002) . Calcineurin inhibitors induce hypertension causing changes in vascular tone, particularly in the kidney, leading to diminished glomerular filtration and enhanced sodium retention. Disturbances of endothelial function stimulate of endothelin and impair nitric oxide synthesis. Increased vasoconstriction leads to arterial hypertension, with its complication, including disturbances in circadiac rhythm, left ventricular hypertrophy, and acceleration of atherosclerotic and renal injury (Textor et al. 2000; Hryniewiecka et al. 2011) . These give the possibility for early intervention with modification of immunosuppressive regimens and early initiation of statins, as showed by Soveri et al. and Charlton (Charlton 2009; Soveri et al. 2009 ). Additional measures that may potentially beneficial include also the optimal control of blood glucose, and the use of tacrolimus instead of cyclosporine (Pagadala et al. 2009 ). Cyclosporine increases circulation levels of low-density lipoprotein, and tacrolimus appears less likely to cause hypercholesterolemia (Reuben 2001) . Data regarding the impact of immunosuppressive agents on metabolic syndrome are summarized in Table 3 . 
Physical activity
One of the important elements of positive health preservation is to take up physical activity, being also a preventive measure with respect to many diseases: ischaemic heart disease, arterial hypertension, diabetes mellitus, lipid disorders, osteoporosis, overweight or obesity. Physical activity is a useful prophylactic tool of both mental and physical health, reducing number of cardiovascular events, risk of arterial hypertension, diabetes mellitus, dyslipidemia, osteoporosis and weight gain. However, the number of studies regarding physical activity and metabolic syndrome is scanty. Reduced aerobic capacity (decreased peak oxygen consumption [VO 2 ] during symptom-limited cardiopulmonary exercise testing) is frequently present in cirrhosis and peak VO 2 during cardiopulmonary exercise testing may predict short-term outcome after hepatic transplantation. The study of Epstein et al. showed that 6 patients (10.2% of analyzed cohort), who died within 100 days of liver transplantation, had reduced aerobic capacity (peak VO 2 <60% predicted and VO 2 at anaerobic threshold [VO 2 -AT] <50% predicted peak VO 2 ) compared to survivors. Using a multiple logistic regression model controlling for duration and severity of liver disease and time to transplantation, reduced aerobic capacity was independently associated with 100-day mortality, and reduced aerobic capacity during cardiopulmonary exercise testing was associated with decreased short-term survival after hepatic transplantation (Epstein et al. 2004) .
Exercise training resulted in significant improvements on the physical condition of liver transplanted Familial Amyloidotic Polyneuropathy (FAP) patients in Tomas et al. study (Tomas et al. 2013) . The exercise training program improved body composition, isometric quadriceps muscle strength, functional capacity, fatigue, and levels of physical activity before and after a 6-month period of combined exercise training in FAP female patient (49 years of age; body mass index = 18.8 kg/m 2 ), who underwent a liver transplantation 133 months before assessment, with improvement of quality of life (Tomas et al. 2011) . On the other hand, pediatric kidney and liver transplant recipients have significantly reduced cardiorespiratory fitness (CRF), muscle strength, and physical activity and approximately 44% of both groups had percent fat greater than the upper criterion value of the Healthy Fitness Zone (HFZ) (Krasnoff et al. 2006) .
Conclusion
The survival rates after liver transplantation have improved in recent decades, but cardiovascular disease has become a source of major concern in long term follow up. The rate of metabolic syndrome in liver transplant recipient is more than twice that reported for the general population, and significant independent predictors of PTMS are age, pretransplant nonalcoholic fatty liver disease, BMI, diabetes mellitus and triglycerides. PTMS is associated with the higher risk of CV events. The number of cardiovascular events correlate well with the increased prevalence of cardiovascular risk factors. Up to 20% of all deaths of long-term survivors after OLT have been attributed to cardiovascular disease, giving the reason for PTMS screening and management. Lifestyle changes, e.g. diet, weight control, treatment of comorbidities and regularly taken up physical activity is one of the effective types of metabolic syndrome treatment.
